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INTRODUCTION 
Bloor (6) cl assified the lipids on a chemical basis, 
their so l ubility in organic solvents and their utilization 
by living organisms. In general, they differ from other 
substances in being soluble in various organic solvents. 
Chemically, they differ by consisting of a large assortment 
of fatty acid esters. The fatty acids are without doubt 
the most important constituents of the lipids and to a 
great extent they determine the physical and chemical 
properties of lipids. 
The author had not intended to base his studies on 
the fractionation of the lipids as did Anderson and his co-
workers, or on the analysis of the individual component 
fatty acids although some attempts at identifying some of 
the more· readily hydrolyzed acids vTere made. This report 
deals specifically with the- gravimetric analysis of the 
lipid isolated from Staphylococcus aureus. 
At the onset of this project, micromethods were 
sought in the literature to determine quantitatively the 
total lipid content and to identify qualitatively some of 
the component fatty substances. This approach was taken 
because nowhere in the literature were the lipids of 
Staphylococcus aureus determined. Before any other analyses 
could be made, the per cent lipid composition of the 
bacterium had to be determined. 
i 
The literature is full of different methods of ex-
tracting the lipid from the cell. Preferred solvents for 
extraction are methanol or e;.tthanol in combination. with 
ethyl ether or petroleum ether. It has long been knovrn 
that such a mixture is adequate because of the dissociating 
influence of alcohol on protein and carbohydrate complexes 
containing lipids and the great solvent power of ether. 
The requirements put on a solvent or mixture of solvents 
are completeness and selectiveness. 
An attempt was made to characterize the phosphatides. 
The approach was made in three phases. Fir.st the phosphoric 
acid residue was analyzed. Then the fatty acids were 
isolated and finally the alcohol. The phosphatides are 
separated from other lipids, especially sterols and 
triglycerides, by their insolubility in acetone. 
As a rule, bacteria do not contain sterols, although 
some have been reported in the literature and consequently, 
detection of sterol in this bacterium was attempted~ Many 
ii 
of the methods used in analyzing the lipids of staphylococcus 
were originally applied to other types of cells. These 
procedures proved successful when applied in microdetermina-
tions. Emphasis was placed on techniques involving small 
quantities of lipid. 
HISTORICAL REVIEW 
Staphylococcus aureus, or sometimes known as 
Micrococcus pyogenes var. aureus is classified by Prevot 
(5) as being a member of the genus Staphylococcus, of the 
tribe Staphylococceae, of the family Micrococcaceae, of the 
order Micrococcales, of the subclass non sporogenous 
Eubacteriales, of the class Eupacteriales, of the kingdom 
Schizomycetes. 
A liter~ture survey of the lipid content per dry 
weight of different microorganisms showed that it ranged 
from relatively small quantities to a high mark of 4.0 per 
cent . Long and Campbell (19) found that the bacilli of 
the acid-fast group were rich in lipid when contrasted 
with non-acid-fast baccilli. Many investigators tried to 
link this acid-fast property to the high lipid content. 
Others attempted to explain the pathogenicity of a micro-
organism by its high or low lipid content . There is still 
some doubt as to whether there is a relationship between 
the two aforementioned ideas. 
The study of bacterial lipids paralleled the growth 
of lipid chemistry. As new methods of lipid analysis were 
published in the literature, they were quickly applied not 
only to bacteria but to all forms of microorganisms. The 
bacterial lipids became most interesting to many investiga . ....; 
tors. Williams, Bloor and Sandholzer (27) studied six types 
of Gram-negative enteric bacilli for total lipid content. 
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Chargaff et al . ' investigated the lipid fractions of 
Phytomonas tumefaciens (12), timothy bacillus (14), 
diphtheria bacillus (13), Ga].mette-Guerin bacillus, turtle 
and smegma bacilli (10, 11). Verna (25) isolated the lipids 
of Bacillus albolactis and Uyei and Anderson (24) determined 
the total lipid content and phosphatide composition of the 
leprosy bacillus. Crowder and Anderson (15) performed the 
same type of ans.lysis on Lactobacillus acidophilus. But 
Anderson's main contribution was his most extensive study 
of the tubercle bacillus which started vri th his outline in 
1927 (1). With his collaborators, he published his findings 
and up to this present day, the search for different fatty 
substances in this bacterium is still in progress. His 
approach to the study of bacterial lipid is classic and 
was used with slight modifications by the author as have 
many other investigators in the past. 
Hurst (18) found that the dried fatty. substance of 
staphylococcus showed hexagonal crystalline structure. Some 
of the bound lipids showed a more condensed orthorhombic 
structure. This report deals with the same fatty substance. 
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EXPERI.MENTAL PROCEDURES 
Removal of Possible Contamination 
In order that the lipids to be considered are 
definitely established as coming solely from the bacterium 
studied and the lipid obtained by the extraction procedures 
is identical or nearly so with the intact cellular lipid, 
many precautions had to be taken to insure its integrity. 
Throughout the various techniques, the measures involved 
in the prevention of contamination will be cited. 
The first of these is possible solvent contamination 
with Jipid. This is avoided by redistilling all of the 
solvents used. This procedure also removes any water pre-
sent lvhich would bring down proteins and carbohydrates 
during the extraction of the bacterium. Any phosphorus 
compounds present are removed, the importance of which will 
be brought out later. Before going on any further, it must 
be recalled that micro-techniques were used throughout and 
therefore it seemed feasible to remove the possibility of 
outside contaminants entering into the calculations. 
Another cause of error can be introduced by sub-
stances in the solvents which co,uld affect the nature of 
the lipid. They are aldehydes and peroxides. The peroxide 
content is obviated by the anplication of heat during 
distillation of the solvents and by long standing. A method 
1 
of aldehyde detection in methanol was applied (21). To 
100 ml. of ethyl alcohol placed in a distillation flask . 
was added 100 ml. of water and excess NaHso3 solution. 
Mixture was allowed to stand for thirty minutes with 
2 
occasional shaking, after which an iodine solution was added 
in excess and titrated with N.A,2s2o3 solution. A. blank vms 
run containing the same quantities of iodine and bisulfite 
solution as were used in the sample. The difference between 
the titrations in milliliters of Na2s2o3 solution multiplied 
by the factor 1.1 would yield the number of miligrams of 
acetaldehyde in the sample. Arter distilling the solvent , 
a sample proved that no detectable aldehyde was present. 
Each soXhlet extractor, thimble and all other glass-
ware used were all washed with the various solvents. Through-
out the .. early extractions, a bothersome substance was present 
in the flask which was not soluble in the organic solvents. 
It \·ras found to be water soluble and a Molisch test showed 
it to be a carbohydrate. A silica gel adaptor was placed 
on the condenser and thus the contaminant was removed. 
When extracting for long periods of time, moisture from the 
air apparently a contaminant. This conclusion was drawn 
since the solvents were initially water free. 
Extraction of the lipids 
The actual extraction procedure was at first made 
arduous because of the conflicting reports in the literature 
as to vThich sol vent or sol vent mixture was most ideal. The 
author has applied several of the more readily used and 
practical techniques in an attempt to achieve complete 
extraction of the lipids. All extractions were made using 
a soxhlet extractor. Into the soxhlet thimble was placed 
one gram of lyophilized Staphylococcus aureus. Using 
Bloor's technique (7), 200 ml. of 3:1 mixture of ethanol 
and ether was used to start the extraction. At 6 hour 
intervals for 72 hours, the filtrate was removed and a 
fresh mixture was placed in the flask. The filtrates were 
combined and placed in _a desiccator containing nitrogen. 
The desiccator was stored in a refrigerator for further 
examination of filtrates. 
A. second extraction procedure was undertaken. (23). 
200 cc of chloroform was added to the residue from the first 
extraction and at 12 hour intervals, fresh chloroform was 
placed in the extraction flask. After 72 hours, the fil -
t r a tes were combined and placed in a desiccator and stored 
along with the ethanol-ether filtrates. 
3 
It has long been known that bacteria contain a certain 
percentage of lipids that are so firmly combined in cellular 
structures thatthey cannot be removed by ordinary extraction 
using neutral solvents. Smedley-McLean (22) showed that 
even using ~oiling alcohol on dried bacteria, there still 
remained lipid tied up in complexes. Anderson (3) designated 
these lipids as "firmly bound lipids." Treatment of the 
. . 
residue with dilute hydrochloric acid (5%) was followed b~ 
extr action with petroleum ether and chloroform for 24 hours. 
Both filtrates were stored with the previous extracts. 
Dry Weight Determination 
Two methods of determining total lipid were used; an 
indirect method which entails using bacterial loss of weight 
and a direct method which involves driving off the solvents 
and weighing the remaining lipid. 
The Indirect Method 
The bacteria were weighed before extraction in weigh-
ing vessels brought to c-onstant weight by heating in the 
oven and also the weight of the soxhlet thimble was deter-
mined. After the exhaustive extraction procedures the 
soxhlet thimble containing the ghost bacteria was r ·emoved 
for weighing. The dry weight of the bacteria before extrac-
tion minus the dry weight of the bacteria after extraction 
yields the total lipid content. The problem involved by 
this determination is the method of carrying out the drying. 
Different means are available. The choice stands between 
vacuum dehydration or air drying in an oven. Oven drying 
is precarious because of possible oxidation of the residue 
or evaporation of other substances other than the solvents. 
Using Brante 1 s Kethod (8) 3 the residue was dried to constant 
.. 
"'feight in a desiccator over concentrated sulfuric acid with 
the aid of suction C.f. Table 1. 
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Direct Method 
Using Brante's (9) method of weighing the lipid 
extracted, the filtrates of all the different extractions 
were concentrated down to 10 aml. by applying heat gently, 
leaving a brownish yellow solution. The filtrates were 
combined and evaporated under a stream of carbon dioxide 
in a vessel partially immersed ·in a two-way desiccator 
which served as a water bath at a temperature of 65° C. 
When most of the solvent 1ms driven off the vessels were 
heated in a 100° C oven for 2-3 minutes. The tared weigh-
ing vessels containing the lipid were then vacuum exsiccated 
for 60 minutes or sometimes longer until a constant lleight 
'\-Tas obtained, which was called the total lipid content of 
the particular sample. Cf Table 1. Bot·h methods of deter-
n1ination of , total lipid content have their limitations and 
will be discussed in a later portion of this report. 
Iodine N1.m1ber Determination 
0 
Only fe1f of the physical values were attempted in 
this report. Fundamentally, the iodine number is the more 
widely determined. The iodine number is the amount in grams 
of i ·odine absorbed by a hundred grams of fat. The widely 
used Micro-Hanus method was applied here! Cf. Table 1. 
Phosphatide Determination 
Phosphatides are insoluble in acetone . The dry lipid 
5 
·Has redissolved in 300 aml of 1:1 ether-ethanol mixture. 
Artom (4) noted that the solvents also removed from the 
cell constitutes other than lipids. He also noted that the 
phosphatides are extremely soluble in chloroform whereas 
6 
the impurities are not. Using his technique of purification: 
the dissolved lipid was treated with 200 aml of cold acetone 
containing 25 aml.of 0.25m magnesium chloride causing a 
precipitation of the phosphatides. The clear solution was 
decanted off and set aside for further investigation. The 
residue was taken up in 25 aml of chloroform and the solu-
tion vTas passed thru a sintered glass filter. The phospha-
tides vlere again precipitated with 200 aml. of cold acetone 
containing magnesium chloride. This procedure was repeated 
three times. The solvent "\vas then evaporated and the residue 
dried in a stream of carbon dioxide. The drying was finished 
to constant weight in a vacuum desiccator. Cf Ta~le 2. 
Phosphatide Fatty acids Determination 
A partial characterization of the contituents of the 
phosphatides was attempted. The first step in the analysis 
entailed the saponification of the dry mass using the Newman 
and Anderson method (2). The phosphatide was refluxed for 
one hour with an excess of alcoholic potassium hydroxide 
after which the solution was diluted with water and extracted 
with ether. The tw·o layers were separated by a separa tory 
funnel. The water extract was placed aside for further 
examination. The ether vras distilled off and the residue 
vTas again refluxed with alcoholic potassium hydroxide. 
The saponified fatty acids were acidified with 5N hydro-
chloric acid and extracted with ether. The solvent was 
driven off by evaporation leaving behind a thick yellow oil 
which contains the fatty acids. The acids vTere converted 
into methyl esters by boiling with 15 aml. ofmethanol in 
the presence of 2% sulfuric acid. The methyl esters were 
7 
used because of their lower boiling points as compared with 
the ethyl esters. The quantitation of the fatty acid esters 
wasnot attempted but a qualitative exrunination was performed. 
A microfractionating flask was designed similar to the 
Wi llstatter flask to hold small quantities of the esters ex-
tracted. The method of fractiona ting the esters "\fas described 
by Hilditch (18). Reduced pressure was maintained by an 
evacuating pump. The fracti-on was analyzed for fatty acids 
by taking melting and boiling points of the methyl esters. 
By this means palmttic, stearic and oleic acids were identi-
fied. C.f. Table 3· 
Glycerol Determination 
The water extract obtained after hydrolysis of the 
phosphatides was analyzed for any possible polyhydric 
alcohol which could be the ester carrier of the fatty acids. 
Any possible esters of the polyhydric alcohol remaining are 
removed by hydrolyzing vTi th 5N sulfuric acid. Routine tests 
for sugars were performed on this fr~ction. Cf Table 4. 
Acetone Soluble Fraction 
After the phosphatides were precipitated with 
acetone., the acetone-soluble substances were left for ex-
amination. This fraction was analyzed for sterols by use 
of the standard Liebermann-Burchard test. Using the method 
of Hilditch (17) for fractionating any possible fatty acids~ 
the results were unsatisfactory except for oleic acid 
detection. No further analysis was made on this fraction. 
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DISCUSSION 
Despite a constant watch for possible sources of 
error, the results of these experiments indicate that 
impurities still exist in what was termed a reasonably 
pure substance. The difference of total lipid content 
using the indirect and direct methods of weighing show 
a possible loss of lipid somewhere during the procedure. 
If the value determined by the indirect method is valid, 
then the discrepancy between it and the value obtained using 
the direct method can be laid to either one or both of two 
possibilities. (A) A simple mechanical loss in the trans-
ferring of the fractions or (B) actual decomposition of the 
lipid fraction during the various procedures. If the value 
obtained from the direct method is assumed to be valid, 
then the discrepancy is probably due to the extraction 
from the cell of substances other than lipids, i.e., a 
false high value for the indirect method. Recalling the 
procedures used for purifying the extracted fat by repeated 
use of specific solvents, the author tends to favor the 
value arrived at by the direct method. 
The iodine number of the fat was typically low, a 
fact common to other bacterial lipids. This low value 
indicates the possiblity of much fatty acid saturation with 
9 
a minimal amount of unsaturated fatty acids present. It is 
doubtful vThether there was any conversion to saturation of 
an unsaturated moiety owing to the precautions taken during 
the procedures, e.~., nitrogen atmosphere and cold tempera-
ture. 
The phosphatides showed a characteristic pattern on 
acid hydrolysis. The Molisch test showed the possibility 
of a carbohydrate being present in the water soluble :frac-
tion. All other tests proved negative except the acrolein 
reaction :for glycerol. This rules out the possibility that 
glucose, mannose, inositol or other sugars :form the base 
10 
for ester :formation of the :fatty acids. Fractional distilla-
tion and crystalization of the ether soluble fraction showed 
some of the component :fatty acids to be -palmitic, stearic, 
and oleic with the last being :found in least amount. The 
above :fatty acids proved to be the ones present in the 
greatest detectable amounts. 
It is not peculiar that the test :for sterols proved 
negative since examination of most bacteria does not show 
any sterols. The literature does contain some reports of 
bacterial sterols e.g. cholesterol found in tubercle 
bacillus. It is quite possible that even staphylococcus 
may contain some higher alcohol which has not been identi-
fied as yet or that the limited tests available are not 
sufficient :for detection. 
Much of the qualitative study of staphylococcal 
lipids was l eft unexplored and merits :future study. This 
attack of the problem is now feasible using the newer 
methods of fatty acid chromatography (16., 26). New fatty 
acids such as phthioic and tuberculosteoric acids 
isolated by Anderson (2) from the wax extracts from 
tubercle bacillus, should be looked for in the lipids of 
staphylococcus. With the exception of the sterols, prac-
tically all the known types of lipids or some modification 
of them, are found in micro-organisms, which is not too 
surprising since their metabolism is not too different 
from that of higher organisms. 
11 
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TABLE 1. 
Total 
Dry weight Total Lipid mg 
Sample Sample -g bacterial Lipid per g % 
Number Weight residue mg bacteria lipid 
1 1.120 1.072 48 43 4.3 
2 1.021 0.968 53 52 5-2 
3 1.063 1.019 44 41 4.1 
4 1.107 1.036 71 64 6.4 
5 1.029 0.969 60 58 5-8 
6 1.037 0.976 61 59 5·9 
7 1.112 1.041 71 64 6.4 
8 1.061 0.996 65 61 6.1 
9 1.006 0.957 49 49 4.9 
10 1.019 0.964 55 54 5. 4-
Means 54-5 5 • L~5 
S.E. 2.5 0.25 
Sample Extracted Total lipid mg % lipid 
Number dri[ li£id mg :2er g bacteria of bactera 
1 43 38 3.8 
2 43 42 4.2 
3 44 41 4.1 
4 62 56 5-6 
5 56 54 5-4 
6 57 50 5·0 
7 68 61 g.l 
8 57 54 5-4 
9 47 46 4.6 
10 52 51 5-l 
Means 49-3 \ 4--93 ~ 
S.E. 2.3 0.23 
Lipid- mg 
824 
TABLE 1. (Continued) 
mg Iodine absorbed Iodine Absorption 
Number 
35 4.2 
13 
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TABLE 2 
· Calculat-
ed weight 
vleight of phos- Weight 
of dry phatide % phospha- % 
Sample phospha- per g of phospha- tide per phospha-
Number tide mg lipid -mg tide g bacteria tide 
1 12 320 32 12 1.0 
3 12 270 27 11 1.0 
5 14 260 26 14 1.3 
7 16 260 26 16 1.4 
9 13 290 29 13 1.3 
Means 280 28 '\ 13 1.2 
S.E. 11.1 1.1 0.8 
Methyl ester 
n. - Palmi tic 
n- Stearic 
n- Oleic 
Tes t 
Molisch 
Bial Orcinol-HCl 
Bische 
Seliwanoff 
Scherer-Salkovski 
Benedict 
Acrolein 
Liebermann':"' 
Burchard 
TABLE 3· 
TABLE 4. 
Detection of 
M.P. 
29 
38 
13 
carbohydrates 
pentose 
a eoxy sugars 
fructo s e 
inositol 
glucose 
glycerol 
sterols 
B .P./pressure 
130 I 1mm 
145/ lmm 
150/ 3mm 
Result 
positive 
negative 
negative 
negative 
negative 
negative 
positive 
negative 
15 
SUMMARY 
The mean total lipid content of lyophilized 
Staphylococcus aureaus was found to be 54-5 mg (standard 
error 2.5 mg) per gram of dry bacteria, as measured by loss 
of weight following extraction. The weight of the dry ex-
tracted lipid was found to be 49-3 mg (S.E. 2.3 mg)per gram 
of dry bacteria. The iodine number was 4.2. The phospha-
tides constituted 28% (S.E. 1.1%) of the total lipid, 
corresponding to 1-3% (S.E. 0.8%) of the dry bacteria. 
Palmitic, stearic and oleic acids were isolated, 
using the boiling and melting points of the methyl esters 
as a means of separation and identification. No surgar 
was identified combined with the lipids. Sterols were not 
found. Oleic acid was detected in the acetone soluble 
fraction. 
16 
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